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Interference Effects in D Meson Decays 

D. Cinabro 

Wayne State University, Detroit, MI, USA 

I review recent results on Dalitz plot analyses of D meson decays and an analysis that takes 
advantage of the quantum correlations between D meson pairs produced in the decay of the ^(3770). 
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I. INTRODUCTION 

Taking advantage of quantum effects in meson de- 
cays provides a unique window on the mechanics of 
such decays. The Dalitz plot analysis technique is a 
unique way to measure decay amplitudes and phases. 
Not only are these valuable inputs and a challenge to 
QCD, but also these parameters are necessary to ex- 
tract fundamental parameters. Specifically see Jean- 
Pierre Lees' contribution to these proceedings on the 
measurement of the CKM angle 7(^3) in charged B 



\q ' decays using a Dalitz plot analysis of D° — » Kstt + tt 



In threshold production via resonance decays, the 
favored method for e + e~ meson factories, the prod- 
uct mesons are in an eigenstate of C. Specifically 
the decay of the ■0(3770) produced in e + e~ collisions 
are C — . This introduces correlations between the 
decays of the D mesons produced in the 0(3770) de- 
cay. These depend on amplitudes for doubly Cabibbo 
suppressed(DCS) decays, D-mixing parameters, and 
strong phases all of which can be measured in sam- 
ples of 0(3770) decays in which both D decays have 
been identified as a flavor tag, a semileptonic decay, 
or a CP eigenstate 0. 

I review results presented since the 2005 summer 
conference season. There are not a large number with 
all of them being preliminary results from the CLEO 
collaboration. The various versions of the experiment 
are described in detail elsewhere 0. The work dis- 
cussed here is based on 9/fb of e + e~ data collected 
by the CLEO-III detector operating in the region of 
the V psilon(AS) , and 281/pb of e + e~data collected by 
the CLEO-c detector operating at the 0(3770), corre- 
sponding to 1.4 million DD pairs. 



II. DALITZ PLOT ANALYSIS OF 



D' 







K+R- 



The motivation for this analysis is to measure the 
strong phase in D — > K*K decays. A constraint on 
this phase can be used in the measurement of the 
CKM angle 7(03) in charged B decays as discussed 
here 0. 

The analysis is done with CLEO-III data and the 
D 0, s are produced in continuum production with their 
flavor tagged by the charge of the soft pion in charged 
D* decays. The sample is about 600 events with a sig- 
nal to noise of about two to one. For the Dalitz plot 



analysis the charges are swapped such that all the de- 
cays are treated as if a D° is decaying. The Dalitz 
plot as shown in Figure shows clear contributions 
from both charges of K* plus an oppositely charged 
K and — tt°. The contributions to the Dalitz plot are 
adequately described by just these three contributions 
plus a non-resonant amplitude which is assumed to be 
uniform in phase space and have a fixed phase which 
does not interfere with the resonant amplitudes. The 
projections of the Dalitz plot on the three mass com- 
binations are shown in Figure along with the result 
of a fit with the contributions described above. 

Many systematic effects are considered. The largest 
effects are caused by considering other resonance con- 
tributions to the Dalitz plot. None are found to be sig- 
nificant, but they do change the central values for the 
clearly observed resonances. The background is mod- 
eled with mass and mass difference side bands that 
are then fit to second order two-dimensional polyno- 
mials. Allowing the parameters describing the back- 
ground to vary is the next largest systematic uncer- 
tainty. The efficiency across the Dalitz plot is modeled 
with a simulated sample that is generated uniformly 
across the Dalitz plot and those passing all the analy- 
sis selections are fit to a two dimensional second order 
polynomial. Again allowing these parameters to vary 
provide the third largest contribution to the system- 
atic uncertainty. The effect of varying analysis details 
and procedures on the systematic uncertainty is small 
compared to the three effects described above. 

The analysis is preliminary. Table [I] gives the 
amplitude and phase relative to the D° — » K* + K~ 
contribution for the other contributions, and the fit 
fraction for all the contributions. Only statistical er- 
rors are shown. The phase between D° — > K* + K~ 
and D° -> K*-R+ is measured as (332 ± 8 ± 11)° 
and the amplitude for K*~K + relative to K* + K~ is 
0.52 ± 0.05 ± 0.04. Even with this small data set the 
precision is limited by non-A*A contributions to the 
decay. 



III. DALITZ PLOT ANALYSIS OF 



D" 1 



A Dalitz plot analysis of D + —> ir + ir ir + has pre- 
viously been done by E791 and FOCUS 0. The 
analysis reported on here is from CLEO-c, and repre- 
sents the first time CLEO has done the same Dalitz 
plot analysis as the fixed target experiments. Previ- 
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FIG. 1: Dalitz plot and projections for D° -> K + K~n° 
TABLE I: Results of the Dalitz plot analysis of D° — ► K + K~-w°. The errors are only statistical. 



Contribution 


Amplitude 


Phase (°) 


Fit Fraction (%) 


K*+K~ 
K*-K + 

Non-resonant 


1.0 (fixed) 
0.52 ±0.05 
0.64 ± 0.04 
5.62 ±0.45 


0.0 (fixed) 
332 ±8 
326 ±9 
220 ±5 


46.1 ±3.1 
12.3 ±2.2 
14.9 ± 1.6 
36.0 ±3.7 



ously CLEO has focused on analyses with 7r°'s in the 
final state. The decay is selected with cuts on the 
beam constrained mass of three charged tracks con- 
sistent with pions and the difference of their energy 
from the beam energy. A sample of 2600 events is se- 
lected with a signal to noise of better than two to one. 
The E791 and FOCUS samples are of similar size and 
cleanliness. 

The Dalitz plot is symmetric under the interchange 
of like-sign pions thus the analysis is done in the two 
dimensions of high unlike-sign pion mass squared ver- 
sus low unlike-sign pion mass. There is a large con- 



tribution from Kgir which because of the long Kg 
lifetime should not interfere with the other contribu- 
tions to the plot. This stripe on the Dalitz plot is 
not considered when a fit is done for two body reso- 
nance contributions. The efficiency across the Dalitz 
plot is modeled with simulated events that is then fit 
to a two-dimensional second order polynomial. While 
there is a notable fall of the efficiency in the corners of 
the Dalitz plot the changes are smooth, and well mod- 
eled by the polynomial. Backgrounds are taken from 
sidebands and extra resonance contributions are al- 
lowed from mismeasured K$, p, and /°(1370) decays. 
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TABLE II: Comparison of the fit fractions, in percent, 
found in the Dalitz plot analysis of D + — » 7r + 7r~7r + be- 
tween CLEO and E791. CLEO limits are at 90% confi- 
dence level. 



Contribution 


CLEO 


E791 


p°ir+ 


20.0 ±2.5 


33.6 ±3.9 


o%+ 


41.8 ±2.9 


46.3 ±9.2 


/ 2 (1270V+ 


18.2 ±2.7 


19.4 ±2.5 


/o(980)tt+ 


4.1 ±0.9 


6.2 ± 1.4 


/o(1500)7r+ 


3.4 ± 1.3 




Non-resonant 


< 3.5 


7.8 ±6.6 


p(1450)7r + 


< 2.4 


0.7 ±0.8 



Many possible resonances can contribute to the decay, 
and a total of 13 different resonances are considered. 
Parameters describing these resonances are taken from 
previous experiments. Only those with an amplitude 
significant at more than three standard deviations are 
said to be observed, and others are limited. 

Figure [21 shows the Dalitz plot and projections on 
to the squared masses. Contributions from p°7r and 
/2(1270)-7r are clearly visible. Table ITT1 shows the fit 
fractions measured by CLEO comparing with the re- 
sults of the E791 analysis mentioned above. There 
is broad agreement between the two results, includ- 
ing the observation of a an contribution. The CLEO 
analysis is preliminary, and they plan to consider a 
generalized model of 7T7t S-wave interactions to model 
a and fo contributions such as the K-matrix which is 
used in the FOCUS analysis mentioned above. 



IV. QUANTUM CORRELATIONS IN 

V>(3770) D°D° 

D° meson pairs produced in e + e~ — > ip(3770) are 
in a C — eigenstate. Thus if both D's decay to a 
mode that tags of the flavor of the meson, such as 
D° — > K~ir + versus D° — > K + ir~ there will be inter- 
ference. The total rate for such double tags will de- 
pend on the DCS rate and the strong phase between 
the Cabibbo favored and DCS decay. Double flavor 
tags with the same mode and flavor are forbidden un- 
less there is D mixing, and thus the rate for these 
depends on the mixing parameters x, related to the 
width difference, and y, related to the mass difference. 
Flavor tags opposite semileptonic decays, which are 
not eigenstates of C, measure the isolated decay rates 
without the interference effects and have different sen- 
sitivity to mixing and the DCS rate. D° decays to CP 
eigenstates opposite a flavor tag have yet a different 
dependence on mixing and the DCS rate. Double CP 
tags show maximal interference effects with like CP's 
being forbidden and opposite CP's being enhanced. 
The expected rates are summarized in Table IIIII and 



explained in full detail in 2]. Simultaneously this 

TABLE III: The effect of quantum correlations in ^(3770) 
decays to D pairs. The columns and rows represent the 
decay modes of one D with / representing a hadronic mode 
that tags the flavor, £ a semileptonic decay, CP a mode 
that is an eigenstate of CP, and X is any mode, x and 
y are the D mixing parameters, Rm = (x 2 + y 2 )/2, r = 
Amplitude for DCS/ Amplitude for Cabibbo Favored, and 
5 is the strong phase between the Cabibbo favored and 
DCS decay. 





/ 


£+ CP± 


CP- 




R M /r 2 






f 


1 ±r 2 (2 - (2cos<5) 2 ) 






l- 


1 


1 




CP± 


1 ±r(2cos<5) 


1 




CP- 


1 — r(2 cos 8) 


1 2 





X 


1 + ry(2 cos 8) 


1 1-y 


i + y 



analysis can measure branching fractions which are 
presently poorly known for many CP eigenstates. 

A preliminary version of this analysis is done by 
CLEO-c. The analysis has three major pieces. Sin- 
gle flavor tags and CP tags are identified using the 
methods developed for precision measurement of D 
branching fractions |7j , and similarly for hadronic dou- 
ble tags. Semileptonics are only measured opposite 
flavor and CP tags and are generally very clean in fla- 
vor tags, but more difficult in CP tags. The effects of 
the quantum correlation are clearly seen in double CP 
tags where for three CP± modes (K + K~ , ir + ir~ , and 
if S 7r 7r°) and one CP- mode (K s tt°) 29.6 ± 0.9 like 
CP tags would be expected in the absence of any cor- 
relations and 5.3 ± 3.7 are observed. For opposite CP 
tags 29.1 ± 0.8 are expected in the absence of quan- 
tum correlation and 72.6 ± 8.5 are observed. Table llVl 
shows results with statistical errors for mixing and 



TABLE IV: Preliminary results from the CLEO-c quan- 
tum correlation analysis outlined in the text. The errors 
from CLEO are only statistical. 



Parameter 


CLEO QCA Present Knowledge 


y 

r 2 

r(2 cos S) 
Rm 


-0.057 ± 0.066 0.008 ± 0.005 
-0.028 ± 0.069 0.00374 ± 0.00018 
0.130 ±0.082 
(1.74 ± 1.47) x 10" 3 <~ 1 x 10" 3 



DCS parameters and the strong phase from the full 
analysis compared with the present knowledge from 
other experiments. While at this stage the analysis 
is not competitive CLEO projects that with their full 
data set it will be producing results with a precision 
similar to world averages and with an orthogonal set 
of systematic uncertainties. This analysis depends on 
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FIG. 2: Dalitz plot and projections for ZU 



the assumption that the D pairs observed from the 
■0(3770) are in the C — state, and they preliminarily 
measure the rate of CP+ states from 0(3770) decay 
at 0.06 ±0.05, where the error is only statistical. The- 
oretical expectations are orders of magnitude below 
this. 



sion. Also I have shown how quantum correlations 
in threshold production give unique leverage and pro- 
vide alternative ways to measure rare behavior in the 
charm sector. We can hope that results in this fas- 
cinating field continue to multiply to enlighten and 
challenge our colleagues. 



CONCLUSION 
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